ABSTRACT: Adolescent sleep needs range from 8.5-10 hours per night, with older adolescents requiring less sleep than younger adolescents. On average, however, American adolescents receive between 7.5-8.5 hours of sleep per night, with many sleeping fewer than 6.5 hours on school nights. Cellular phone use is emerging as an important factor that interferes with both sleep quality and quantity, particularly as smartphones become more widely available to teens. This review paper has three objectives. First, we will describe adolescent sleep patterns and the effects of sleep deprivation on adolescent physical and mental health. Second, we will describe current trends in technology use among adolescents, making associations to how technology impacts sleep. Lastly, we will discuss some of the methodological barriers of conducting sleep and technology research with adolescents and young adults and offer suggestions for overcoming those barriers. We will also discuss implications for healthcare providers. 
Introduction
Healthy People 2020 recently identified the importance of sleep in the health and well-being of Americans. 1 One objective set forth in this initiative is to increase the proportion of adolescents and adults who get sufficient sleep. Although sleep deprivation among adolescents is not a new phenomenon, in recent years sleep has garnered more mainstream, clinical, and academic attention. This comes at a time when there are increased demands on adolescents a that conflict with getting a full night's sleep, which can negatively impact physical, social, and psychological health.
The correlations between sleep deprivation and health outcomes have been well documented. Physically, sleep a This review utilizes a developmental perspective of adolescence, which includes two stages (i.e., early and late) and spans from age 12 to age 24 . 45 This definition departs from a purely biological interpretation that emphasizes the pubertal process and sexual maturation, and instead considers both psychosocial and biophysiological factors. The rationale for a developmental definition lies in the similarities among 12-to 24-yearolds regarding both challenges to healthy sleep and patterns of technology use. deprivation can disrupt circadian rhythms resulting in dysregulated sleep patterns, as well as dysregulated metabolic, endocrine, and immune responses. 2, 3 Examples include weight gain, insulin resistance, increased cortisol levels, systemic inflammation, hypertension, and decreased immune response.
2,4-6 Sleep deprivation is also correlated with behaviors that can have negative effects on the body, including increased alcohol and drug use, increased sexual behavior, and the overuse of prescribed and/or non-prescribed stimulants to counteract drowsiness. 7, 8 Excessive daytime sleepiness can also make individuals particularly vulnerable to injury and death resulting from driving while sleep deprived, as sleep deprivation is associated with lapses in attention, delayed response time, and daytime drowsiness. 7, [9] [10] [11] [12] Psychologically, inadequate sleep can affect cognitive functioning and has been linked to reduced short-term memory, decreased learning ability, poor productivity, and decreased motor performance. Mood is also significantly affected, with sleep deprivation associated with negative mood states, depressive symptoms, decreased stress management, family and peer conflict, impulsivity, and the loss of other forms of behavioral control.
7,13-15

Sleep Needs During Adolescence
According to guidelines recommended by the Centers for Disease Control (2012), the average adolescent requires 8.5-9.25 hours of sleep per night, with thirteen year olds requiring approximately 10 hours and 19 year olds requiring approximately 8.5 hours per night. 16, 44 However, these are mere guidelines, with some individuals requiring more sleep and some requiring less sleep than the averages. Despite these recommendations, researchers have consistently demonstrated that most adolescents do not get enough sleep, with most sleeping between 7.5 and 8.5 hours per night (e.g., 7, 17 ). In a seminal article by , the researchers reported that 26% of adolescents in their sample received 6.5 hours of sleep or less on school nights. 17 One explanation for these sleep patterns is that during this developmental stage, circadian rhythms shift causing teenagers to stay up later, which directly impacts sleep quantity. 18 Biological shift, however, is not the sole issue. A combination of endogenous and exogenous factors contributes to sleep deprivation in adolescents.
Modern society is not designed to allow adolescents the sleep they need during this developmental transition. While their bodies are commanding them to stay up later, high school start times are increasingly earlier and incongruent with this biological shift. "Sleep hygiene" factors also play an important role in sleep deprivation. Napping for more than 45 minutes (e.g., after school) or too close to bedtime and sleeping in on weekends to "catch up" on sleep, rather than establishing set sleep and wake times, disrupts the sleep cycle. 7, 19 An abundance of academic demands, employment, or extracurricular activities may also contribute to doing homework at night rather than earlier in the day, and studying late into the night can interfere with the ability to get a sufficient amount of sleep. 11 Socially, a fear of missing out, the transition to and through high school and college, and constant contact with peers often get in the way of going to bed at a healthy time. 20 Another contributing factor in adolescent sleep problems is technology use.
Trends in Cellular Phone Use Among Adolescents
Adolescent technological trends change at a rapid pace. In the last decade, rates of cell phone ownership among adolescents have risen dramatically. In 2004, the Pew Research Center found that 45% of youth age 12 to 17 owned a cell phone. 21 In a 2012 follow-up study, this number had risen to 78%. 22 Correspondingly, texting via these devices has quickly become the primary mode of communication for this group, with adolescents sending a modal average of 100 texts per day. 23 While the ubiquity of cell phone ownership has changed the way youth communicate, rapidly rising ownership of the "smartphone," which allows users to connect to the internet via their mobile device, is changing the way adolescents interact with online media. In 2012, 37% of adolescents surveyed by the Pew Research Center owned a smartphone, an increase of 14% from the previous year. 22 A study of college students placed smartphone ownership among this cohort even higher, at 62%. 24 In addition, one in four adolescents reports using the cell phone as their primary mode of online connection. 22 Accordingly, today's youth have the potential to be "connected" at any location, twenty-four hours a day, which has clear implications for sleep.
Many teens are using technology within the hour before trying to fall asleep or using cell phones in bed, which interferes with the ability to fall asleep and stay asleep throughout the night. 6 Functionally, cellular phone use shortly before bed has been linked to a number of negative outcomes. Van den Bulck (2007) found that use of cell phones after "lights out" was related to increased tiredness, and Munezawa and colleagues (2011) found a positive association between device use after lights out and four types of sleep disturbance. 25, 26 This trend is also evident among college students, a group already at high risk for sleep difficulties. 27 Adams and Kisler found that college students who used cell phone technology after sleep onset reported being awake an extra 46 minutes per week. 28 Forty-seven percent of students awoke after sleep onset to answer text messages and 40% to answer cell phone calls. Importantly, greater levels of tech use during sleep time predicted lower sleep quality, and lower sleep quality increased depressive/ anxious symptomology. Similarly, Jenaro and colleagues (2007) concluded that pathological Internet use and cellular phone use were associated with insomnia and sleep disturbance, particularly in female college students. 29 Interestingly, White and colleagues (2011) reported that college students may have a "hyper vigilant" attitude towards their phone, and may immediately awaken to the sound of their phone in the same way a mother awakens upon hearing her baby cry. College students that engaged in increased mobile phone use, pathological texting, and problem texting also experienced increased sleep disturbance and decreased sleep quality. 30 Emerging research points to the prevalence of patterns of problematic phone use among adolescents that are akin to behavioral addiction. This is a significant barrier when attempting to alter patterns of adolescent technology use by encouraging adolescents to place boundaries on their technology use. [31] [32] [33] [34] Those adolescents who are able to disconnect from their phones may have difficulty settling down to sleep. Emerging research points to a connection between the backlit display common to many portable tech devices and disruption of circadian physiology and melatonin expression. 35, 36 Many computers, televisions, and smartphones emit short-wavelength light. Artificial, short-wavelength light exposure during evening hours-a time when many adolescents are using technology-can disrupt circadian rhythms, impacting sleep and neurobehavioral operation. Chronic, ill-timed exposure to short-wavelength light can cause a misalignment of the circadian timing system, resulting in sleep issues and depressive symptomology. 35 
Methodological Issues in Conducting Sleep and Technology Research
Although several studies have identified the negative impact of other forms of technology (e.g., video games, television viewing and computers) on adolescent sleep, the need for well-designed studies examining mobile phone use and sleep remains an area of future study. 37 Several barriers exist in conducting research in this area, ranging from difficulty utilizing objective measurements of technology use after sleep onset, measuring the specific feature of mobile technology that impacts sleep (e.g., does actively texting with a peer lead to poorer outcomes when compared to passively listening to music), 37 and/or the timeliness of publication. Researchers should consider the following issues when planning research in this area.
Measures of technology use and sleep. Multiple devices to measure sleep habits and patterns exist, including apps such as Sleep Cycle and Somnometer, tracking devices such as a FitBit® and Zeo®, and actigraphy devices such as Sleeptracker®. 38 Devices to track technology use, however, are more limited. In previous studies, researchers have relied on self-report frequencies of cellular phone use or self-reported amount of hours using social networking sites (e.g., 28, 39 ). These methods are not able to assess for the complexity of technology use and are vulnerable to the reliability of selfreport. 39, 40 One strategy to collect data usage after sleep onset is to ask participants to review telephone logs and report the data on a daily basis. This method is limited by participant engagement in the research protocol. Researchers could also review monthly telephone logs from the cellular phone carrier; however, many adolescents are on their parent's cellular plans, which would create an additional barrier, and issues of confidentiality of information arise. There are many apps on the market that track cell phone and text messaging use; however, most of these apps only produce a daily report of usage, which limits the ability to examine data usage trends during the nighttime hours. After an extensive search, it was determined that one app (Mobile Monitor®) could effectively collect the necessary data. One caveat is that this app makes the content of the user's text messages and emails available to researchers, increasing concerns about the privacy of participants' personal communications. Lastly, researchers could collect accelerometer data from smartphones to assess if a phone was picked up during the night and for how long; however, this would only be feasible with the development of a new app.
Another important consideration in sleep and technology research is the need for validation of apps for sleep tracking. Given the lack of studies to validate the use of sleep tracking apps in research, it is unclear if these apps accurately and consistently measure constructs of interest. Traditional sleep research has relied on "gold standard" techniques, including actigraphy, as well as self-report measures of sleep disturbance and mobile phone use. 30, 41 Researchers have yet to determine the most valid methodology for measuring technology use before or after sleep onset. For instance, using an actigraph combined with a self-report diary is an effective strategy to detect sleep disturbance; and perhaps combining actigraphy data, a review of the phone log, and the use of self-report questionnaires (such as The Mobile Phone Use Questionnaire 30 ) would provide valid data about usage throughout the night. Additional barriers to consider include: 1) the cost of app development for both iphone® and Android® platforms; 2) the assumption that all participants would all have access to smartphones; 3) the assumption that all participants are accessing technology using a phone rather than a tablet or other portable electronic device; and 4) the cost of actigraphs for use in research. We also believe that future research would be strengthened by the development of clear theoretical models that attempt to explain the role of technology on sleep.
One example is the model presented by Cain and Gradisar (2010) which combines social, familial, developmental, and biological factors to explain how media affects sleep.
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Dissemination of research findings. Another methodological barrier to conducting sleep and technology research in adolescents is the rapid evolution of preferred technological platforms. 42, 43 Therefore, it is imperative for sleep and technology researchers to maintain regular contact with adolescents to assess their patterns of use. Researchers should conduct semi-annual focus groups with adolescents and/or informally discuss current technological trends. Moreover, in terms of the process of executing research (i.e., initial conceptualization, IRB approval, data collection, write up, and publication of findings), researchers must have time dedicated to focusing on expedient research. Soon after data is collected it, must be promptly analyzed and written up for publication. Researchers should also carefully choose peer-reviewed journals that have an expedited review time (i.e., 3 months or less). Since technological trends change so quickly, the time from writeup to publication can be a major factor in the relevance of the study at the time of publication. Lastly, researchers should consider disseminating their results directly to mainstream or clinical venues, such as community newsletters, service presentations at local health centers or schools, or annual conferences. The impact of technology on sleep is a topic of vast interest in popular press and should be made available to the public in a judicious manner to give individuals timely access to current trends.
Conclusion and Clinical Implications
Given that poor and disrupted sleep can cause problems with physical and psychological functioning, adolescents may present to pediatricians or mental health clinicians with depressive symptoms or increased illness presentation that are exacerbated by poor sleep. Few healthcare providers, however, have received in-depth training in sleep and may not inquire about sleep as a contributor to larger health issues in their patients. Therefore, we encourage practitioners to consider the following recommendations: 1) Practitioners should regularly assess both the amount of sleep that adolescents receive as well as disruption caused by modifiable environmental factors (e.g., technology use); 2) Parents should be provided with information about how to foster healthy sleep habits in adolescents, which include setting very clear boundaries around technology use in the home (e.g., all phones "turned in" to a centralized location at night); and 3) Practitioners should remain attentive to the evolving technological platforms that adolescents are using and overtly ask their patients about the impact of technology on sleep. These inquiries could include questions such as "Do you go to bed later than you should because you get caught up on social media or texting," or "Do you wake up after falling asleep to answer texts?" Adolescents are typically very candid about disclosing these behaviors, thus opening the door for practitioners to provide psychoeducation about the importance of sleep and technological boundaries. Given the importance of sleep on growing minds and bodies, any efforts to improve adolescent sleep quantity and quality should be considered a worthwhile investment.
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